Zinc oxide surge arrester condition monitoring using thermal image and third harmonic leakage current correlation by Abd. Ghafar, Nur Asilah
  
 
 
ZINC OXIDE SURGE ARRESTER CONDITION MONITORING USING 
THERMAL IMAGE AND THIRD HARMONIC LEAKAGE CURRENT 
CORRELATION 
 
 
 
 
 
 
NUR ASILAH BINTI ABD GHAFAR 
 
 
 
 
 
 
UNIVERSITI TEKNOLOGI MALAYSIA 
 
 
 
 
 
 
 
 
 
 
 ZINC OXIDE SURGE ARRESTER CONDITION MONITORING USING 
THERMAL IMAGE AND THIRD HARMONIC LEAKAGE CURRENT 
CORRELATION 
 
 
 
 
NUR ASILAH BINTI ABD GHAFAR 
 
 
 
 
A thesis submitted in fulfilment of the 
requirements for the award of the degree of 
 Master of Engineering (Electrical) 
 
 
 
 
Faculty of Electrical Engineering 
Universiti Teknologi Malaysia 
 
 
 
 
MAY 2014 
 
 
 
 
iii 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Special dedication to my beloved husband Muhammad Khair Noordin, mother 
Latifah Ahmad, father Abdul Ghafar Haji Tahir, mil Kamsiah Sumiran, fil Noordin 
Atan, son Muhammad Aryan Amsyar and Mukhlis ‘Afy , brothers and sisters who 
have encouraged, guide and inspired me throughout my journey in education 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
  
 
 
iv 
 
 
 
 
 
ACKNOWLEDGEMENT 
 
 
 
 
 All praise to the Almighty Allah, the Most Gracious, Most Merciful and Most 
Benevolent for giving me an opportunity to study for higher education and giving me 
strength and patience in completing my research. 
  
 I would like to express my deepest gratitude towards my supervisor, 
Associate Professor Dr. Zulkurnain bin Abdul Malek who has persistently assisted 
me during the research. It would be very arduous to complete this project without the 
passionate support,guidance and encouragement from him. 
  
 My utmost thanks also go to my family who has given me support and care 
throughout my academic years. Without them, I might not be able to become who I 
am today. My fellow friends should also be recognized for their continuous support 
and acknowledgement. My sincere appreciation also extends to Mr.Novizon, to my 
entire colleagues and my friends who have provided assistance at various occasions. 
Their views and tips are useful definitely. 
 
 Last but not least, thanks to individuals that have contributed either directly 
or indirectly to make my research successfully carried out. Of course, as usual, all 
errors and oversights are entirely my own. Thank you once again. 
 
 
 
  
 
 
 
 
v 
 
 
 
 
 
ABSTRACT 
 
 
 
 
 Arrester is used to protect high voltage equipment or electric power lines 
from permanent or temporary overvoltage. It is imperative to perform a frequent 
monitoring on the condition of the arrester as this device will prevent damage to the 
power system. When there is an AC operating voltage applied across the arrester 
body, there is a small leakage current flowing to the ground terminal of the arrester. 
Currently, the third harmonic component of the leakage current has been used to 
identify the condition of the arrester whether it is still safe to be used. However, 
measurements of the leakage current and its harmonic components pose some 
difficulties. Moreover, the usage of a new technique based on thermal condition in 
monitoring the performance of arrester has been studied widely. The thermal 
condition of an arrester can be used to support the efficiency of the monitoring 
process. This research proposes to investigate the correlation between two variables, 
namely the third harmonic leakage current, and the arrester housing surface 
temperature (representing the thermal condition of the arrester) using a Radial Basis 
Function (RBF) Neural Network analysis. In addition, this research also studies the 
effect of ambient temperature on the correlation between the two variables.  The 
leakage current values were measured using a current shunt and a digital storage 
oscilloscope, and then analyzed using Fast Fourier Transform to obtain its harmonic 
component. The surface thermal profile of the arrester body was captured using a 
thermal camera and then further analyzed to obtain several key representative 
parameters including the maximum, minimum, average, and standard deviation 
temperatures. These temperature parameters, together with the ambient temperature, 
were used as input variables while the third harmonic leakage current magnitude as a 
target to the proposed radial basis function neural network. The ambient temperature 
was then omitted in a repeated computation. From the radial basis function analyses, 
the two mentioned variables are positively correlated. Also, the ambient temperature 
has an effect on this correlation, whereby it is advisable also include the ambient 
temperature in the ANN computation to minimize the error. The results from all 
experimental data (500 training, 61 testing) show that a 97% accuracy in categorizing 
the arrester condition (either good or bad) is successfully achieved. Thus, it can be 
concluded that there is a good correlation between the third harmonic leakage current 
and the thermal image of an arrester which means the thermal image can be used as 
an alternative technique for zinc oxide surge arrester monitoring without the need to 
measure the leakage current.  
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ABSTRAK 
 
 
 
 
Penangkap digunakan untuk melindungi peralatan voltan tinggi atau talian 
kuasa elektrik daripada terlebih voltan kekal atau sementara. Pemantauan yang kerap 
ke atas keadaan penangkap adalah penting kerana penangkap akan menghalang 
kerosakan kepada sistem kuasa. Apabila voltan operasi AC dikenakan ke seluruh 
badan penangkap, terdapat arus bocor kecil mengalir ke terminal bumi penangkap. 
Pada masa ini, komponen harmonik ketiga arus bocor telah digunakan untuk 
mengenal pasti keadaan penangkap sama ada ia masih selamat untuk digunakan. 
Walau bagaimanapun, pengukuran arus bocor dan komponen harmonik 
menimbulkan beberapa kesukaran. Selain itu, penggunaan keadaan terma dalam 
memantau prestasi penangkap telah dikaji secara meluas. Keadaan terma penangkap 
boleh digunakan untuk menyokong keberkesanan proses pemantauan. Kajian ini 
mencadangkan untuk menyiasat hubungan antara dua pembolehubah: harmonik 
ketiga arus bocor dan suhu permukaan perumah penangkap (mewakili keadaan terma 
penangkap) menggunakan analisis Rangkaian Neural Fungsi Asas Radial (RBF). Di 
samping itu, kajian ini juga mengkaji kesan suhu persekitaran kepada hubungan 
antara kedua-dua pembolehubah. Nilai arus bocor diukur dengan menggunakan 
pemirau arus dan osiloskop digital dan kemudian dianalisis dengan menggunakan 
Jelmaan Fourier Pantas untuk mendapatkan komponen harmonik. Profil suhu 
permukaan perumah penangkap diambil menggunakan kamera terma dan kemudian 
dianalisis untuk mendapatkan beberapa wakil parameter utama termasuk suhu 
maksimum, minimum, purata dan sisihan piawai. Parameter suhu bersama-sama 
dengan suhu persekitaran telah digunakan sebagai pembolehubah masukan manakala 
harmonik ketiga arus bocor sebagai sasaran kepada Fungsi Asas Radial yang 
dicadangkan. Analisis diulang dengan mengeluarkan suhu persekitaran. Fungsi Asas 
Radial menunjukkan bahawa kedua-dua pembolehubah yang dinyatakan telah 
berhubung secara positif. Suhu persekitaran juga mempunyai kesan kepada 
hubungan ini. Keputusan daripada semua data eksperimen (500 latihan, 61 ujian) 
menunjukkan bahawa ketepatan sebanyak 97% dalam mengkategorikan keadaan 
penangkap (sama ada baik atau buruk) telah berjaya dicapai. Oleh itu, dapat 
disimpulkan bahawa terdapat hubungan yang baik antara harmonik ketiga arus bocor 
dan imej terma penangkap dimana imej terma boleh digunakan sebagai teknik 
alternatif untuk pemantauan penangkap pusuan logam oksida tanpa perlu mengukur 
arus bocor. 
  
 
